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Professional development about teaching is an important lever for change toward evidence-
based instructional practices. Yet few studies in higher education offer robust evidence about 
whether and how instructors’ teaching practices actually change as a result of professional 
development. We studied instructors who attended a four-day intensive workshop on inquiry-
based learning (IBL) in college mathematics and who provided data about their teaching before 
and after. Of 293 instructors who attended, 136 provided complete survey data and 15 video-
recorded their teaching, which we coded using two observation protocols. Comparing pre-
workshop and follow-up teaching data, we find significant and well-corroborated changes 
toward IBL methods across all three methods, with effect sizes near 1, generally viewed as large 
in education research. The findings demonstrate that well-designed professional development 
can have a substantial impact on instruction even within the first year of implementation. 
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Teaching-related professional development (TPD) is widely seen as important to encourage 
the uptake of evidence-based instructional practices (EBIPs) by college STEM instructors. TPD 
is attractive as a lever for change because research has demonstrated that EBIPs can make a big 
difference in students’ experiences and success, and tested classroom resources are widely 
available to instructors in all STEM disciplines. Proponents argue that TPD is impactful because 
most college instructors have ample room to improve: while deeply grounded in their discipline, 
most have little formal knowledge of learning and teaching. Moreover, the effects of TPD will be 
amplified as each instructor teaches many courses and thousands of students across a career.  

However, these arguments are not currently well backed by research showing that TPD does 
have the desired effect on instructor practice. At present, professional developers and funders can 
point to examples of impactful TPD as proof of concept (e.g., Khatri et al., 2013; Laursen et al., 
2019), but the formal literature relies much on case studies of small programs: large, high-quality 
studies are scarce. Exceptions include recent work on TPD in mathematics (Archie et al., 2022) 
and studies in several science fields (Bathgate et al., 2019; Borda et al., 2020; Chasteen & 
Chattergoon, 2020; Ebert-May et al., 2011, 2015; Manduca et al., 2017) that measure instructors’ 
implementation of active approaches after TPD, and the barriers and supports that shape this. 

Building knowledge about TPD in higher education has been slow and challenging. Simply 
measuring teaching and change in teaching is difficult (AAAS, 2013); common tools such as 
surveys and observations both offer pitfalls. Moreover, studies of TPD outcomes cannot be done 
as experiments: researchers must find large, well-designed, and stable TPD programs to serve as 
study sites to provide adequate sample sizes and a consistent, high-quality intervention. TPD is 
neither required nor routinely offered by institutions of higher education, unlike K-12 settings. 
Finally, teachers need time to learn and enact new ideas and practices, then more time to become 
proficient enough to improve student learning, a reality that further extends the research timeline. 



Thus, it is no surprise that rigorous studies examining the outcomes of TPD are needed. Our 
study of workshops on inquiry-based learning (IBL) in college mathematics addresses many of 
these challenges. The workshops reached nearly 300 instructors, yielding samples large enough 
for quantitative analyses. Built on a decade of prior work, the workshop model was informed by 
learning from K12 and college TPD experience, evaluation feedback, and education research on 
professional development. Workshops were led by teams of skillful IBL educators who worked 
from a common general structure and schedule, drew from and contributed to a shared set of 
workshop and course materials, and engaged in TPD leadership training. Together these features 
ensured sound program design and consistent, high-quality TPD delivery.  

To address the measurement challenges, we used three instruments—a survey and two 
observation protocols—and compared the results. Funding constraints meant we had to measure 
implementation just one year after workshop participation, likely before teachers had mastered 
new approaches. We thus chose two descriptive, behavior-focused measures (one survey, one 
observation protocol), positing that new IBL users would first adjust how they use class time—
e.g., using less lecture and more of the student-centered activities that are common in established 
IBL classrooms (Laursen et al., 2014; Hayward et al., 2016). Even if instructors were not yet 
skilled in facilitating these activities, we could detect initial changes in their choices about the 
use of class time. To address quality of instruction, we chose a second observation protocol that 
offers an evaluative perspective via holistic ratings of each lesson. With thorough video sampling 
we could reliably characterize instruction for the course as a whole, not just in selected episodes 
(Weston et al., 2021). In this analysis, we consider: What do three independent measures of 
teaching tell us about whether and how instruction changed after professional development? 

Context for the Study 
To situate the study, we provide brief descriptions of inquiry-based learning in mathematics, 

in the general form that was practiced by workshop leaders and taught in workshops, and of the 
IBL workshop design. For more detail, we refer readers to the references cited below.  

Inquiry-based learning (IBL) is a form of instruction that has become increasingly common 
as an approach to active and collaborative learning in college mathematics. Laursen and 
Rasmussen (2019) identified four pillars, or core principles that IBL shares with other forms of 
inquiry-based mathematics education (IBME). In effective IBL classrooms, students engage 
deeply with meaningful mathematics and make sense of these ideas in collaborative work with 
their peers, which may take a variety of forms. Instructors support these student experiences by 
inquiring into student thinking—drawing out student ideas and helping them toward further 
sense-making—and by making design and facilitation choices that involve all in rigorous 
mathematical learning and identity-building. The “big tent” philosophy of IBL recognizes that 
instructors will implement these principles in different ways, depending on their setting, 
adjusting to suit their course material, class size, student audience, and personal preferences. 

Consistent with other research on EBIPs (Freeman et al., 2014), IBL offers cognitive and 
affective benefits and supports student persistence and success in later courses (Kogan & 
Laursen, 2014; Laursen et al., 2014; Laursen & Rasmussen, 2019, & references cited therein). 
On average, IBL approaches were found to close equity gaps in student experience compared to 
lecture-heavy approaches (Laursen et al., 2014), again consistent with general findings in the 
literature (Theobald et al., 2020). Of course, IBME is no silver bullet (Ernest, Reinholz & Shah, 
2019; Johnson et al., 2020; Reinholz et al., 2022): instructors must take proactive steps to 
develop self-awareness and empathy and to select pedagogical approaches that foster 
mathematical identity and enhance classroom climate (Dewsbury & Brame, 2019). 



The design of the IBL workshops was purposeful, research-aligned, and iteratively refined 
(Yoshinobu et al., 2022). Briefly, four interwoven strands of workshop activity sought to foster 
IBL-supportive knowledge, skills, and beliefs and prepare instructors to implement IBL in their 
own teaching contexts. Video lesson study sessions helped instructors develop a mental model 
for an IBL classroom, while literature-to-practice sessions used provocative readings and 
discussion to help instructors internalize the four pillars and reflect on their own beliefs. “Nuts 
and bolts” sessions shared facilitation and task-design tactics to build instructor skills, and course 
planning sessions provided planning exercises and personal work time to help instructors 
consider how to prepare their own IBL course. Through an active e-mail mentoring program, 
peers and facilitators provided follow-up support—resources, ideas, trouble-shooting, 
encouragement—as instructors implemented their IBL course after the workshop (Hayward & 
Laursen, 2018). Deliberate attention to equitable instruction and assessment practices was 
increasingly incorporated into the workshops across the 2016-2019 period that we studied. 

Study Methods 
The study design was approved by the university’s IRB and all instructors gave informed 

consent. Students in video-recorded classes were given information explaining that the focus of 
the study was their instructor, not them. They could move out of camera view if they wished.  

Study Population and Survey Sample 
The study examined participants in 11 IBL workshops conducted in 2016-2019 (Archie, 

Hayward & Laursen, 2021). Online workshops in 2020 were omitted from outcomes analysis. 
They were surveyed at two times: All 293 answered the pre-workshop survey, and 199 (68%) the 
follow-up survey about 17 months post-workshop. Of these, 136 (68%) identified a target course 
before the workshop and then described implementing IBL (or not) in their target course on the 
follow-up survey; they form our sample to study instructional change.  

Overall, the implementing respondents were very similar to the workshop attendees. Half 
were women. Most (87%) were US citizens, nationals or residents; of these, 80% were white and 
5% were Asian. About 3% described themselves as Hispanic or Latino/a/X. Participation was 
well balanced among people in tenured (30%), untenured (30%), and non-tenurable (30%) 
positions, from departments granting four-year (42%), masters (23%), and PhD (21%) degrees, 
and some from two-year (13%) colleges. About 23% taught at a minority-serving institution. 
Overall, they were modestly more diverse than the U.S. mathematics professoriate as a whole, 
and they came from institutions that broadly represent teaching settings in U.S. higher education. 

Survey Methods 
Survey instrument. The survey included closed- and open-ended items previously described 

(Hayward & Laursen, 2014; Archie, Hayward & Laursen, 2021; Archie et al., 2022; Hayward et 
al., 2016). Some items were used to provide formative feedback to workshop leaders, to 
characterize workshop features, and to measure participants’ knowledge, skills and attitudes. 
Participants self-reported personal and professional demographic information. Responses across 
time points were matched via unique identifiers. Here we focus on items used to describe 
teaching strategies at both times, from the TAMI-IS (Toolkit for Assessing Mathematics 
Instruction-Instructor Survey; Hayward, Weston & Laursen, 2018). These descriptive, behavior-
focused items ask “what did you do?” rather than “how well did you do it? Taking the course as a 
whole, instructors estimated the frequency of use for each of 11 teaching practices often seen in 
college math courses (e.g., group work, whole class discussion, formal lecture, short 



explanations, student presentations), coded using the scale: 0 = never, 1 = once or twice during 
the term, 2 = about once a month, 3 = about twice a month, 4 = weekly, 5 = more than once a 
week, or 6 = every class. Open-ended items probed patterns in practices and special events and 
elicited text descriptions of ‘lecture,’ ‘presentations,’ and ‘group work’ as practiced in courses.  

Survey analysis.  We created a composite variable to measure instructors’ overall use of IBL 
methods. This variable, IBL frequency score, includes five of the 11 practices classified as ‘core 
IBL’ practices because they measure all variations of IBL that were emphasized or de-
emphasized in workshops and was calculated as follows: IBL frequency = student group work + 
student presentation + class discussion - lecture - instructor problem-solving. IBL frequency 
scores were calculated for pre-workshop and follow-up time points; scores could range from -12 
to +18. Lower scores indicate less frequent use of IBL teaching practices and more frequent use 
of lecture and instructor problem-solving, while higher scores indicate more frequent use of IBL 
methods and less frequent use of lecture and instructor problem-solving. We conducted paired 
samples t-tests to measure change in IBL frequency between pre-workshop and follow-up times 
for instructors who did (n=15) and did not (n=136) participate in classroom observation.  

Observation Methods 
Observation sample. The observation sample was a subset of the survey sample: 15 

workshop participants who registered early and volunteered to collect video data in their target 
course in the term before their summer workshop, and for the same or similar course the next 
academic year. Their personal and institutional characteristics are broadly similar to the survey 
sample. Instructors placed a video camera in their classroom several times a term and completed 
the survey at the end of the same term. We asked them to record about 1/3 of class time. In all, 
we coded 278 class sessions, averaging 9 classes per course and totaling over 300 hr class time. 

Observation instruments. We applied two observation protocols that emphasize different 
dimensions (Hora & Ferrare, 2013a). The TAMI-OP (TAMI Observation Protocol) is a 
segmented, descriptive (behavior-focused) protocol that aligns with the TAMI-IS (Hayward, 
Weston & Laursen, 2018). It is adapted from the TDOP (Hora & Ferrare, 2013b) and COPUS 
protocols (Smith, Jones, Gilbert, & Wieman, 2013) to reflect practices we saw in college 
mathematics. Twenty activity codes for instructor and student behaviors were coded within each 
2-minute segment. Fourteen end-of-class holistic items, designed by our team, query features of 
classroom atmosphere and student-teacher interaction (Laursen et al., 2011; Appendix 2). 

The RTOP (Reformed Teaching Observation Protocol) is a holistic, evaluative protocol 
developed for K12 science instruction and increasingly used in higher education (Sawada et al., 
2002). Raters score the lesson on 25 items in 5 categories: lesson design, teaching of content and 
procedural knowledge, communication, and student-teacher relationship. For each lesson, items 
are scored 0-4 to describe how often each feature is seen: “never occurred” to “very descriptive” 
of the lesson. Summed RTOP scores of 0-100 indicate the degree to which a course is 
“reformed” toward student-centered, evidence-based instruction emphasizing inquiry. 

Observation analysis.  Using data from the TAMI-OP and RTOP instruments, two global 
measures were used to assess change in teaching: 

1. the RTOP-Sum (RTOP), a composite of 25 observational survey questions. Here 
ratings are summed over all questions and averaged over observed classes in a course. 

2. the Proportion of Non-Didactic lecture classes (PND) across a term of observation 
using the TAMI-OP. PND provides an estimate of the proportion of classes, for one 
instructor, that use non-lecture teaching methods. 



The analytical method for TAMI-OP is based on Latent Profile Analysis (LPA), a statistical 
clustering method applied to a large observation data set (790 observations of 74 teachers) from 
this and other projects (Weston, Hayward & Laursen, 2023). The LPA yielded four reliable class 
types (Didactic Lecture, DL; Interactive Lecture and Review, IL; Student Presentation, SP; 
Group Work, GW) based on the proportions of various teaching activities present in an 
individual class session. From the LPA results, we created a simple dependent measure to 
characterize a teacher’s course  based on the proportion of all observed classes for each 
instructor (over an academic term) that were not classified as didactic lecture (PND, proportion 
non-didactic). A paired-sample t-test was used to assess pre-post change in the observational 
indicator. We used the Cohen’s D effect size for the analyses, which is the difference in pre/post 
means divided by the standard deviation of the difference. 

Results 
We analyzed the data sets for pre- to post-workshop changes for all three measures and 

summarize the results in Table 1. 
Table 1: Pre- to post-workshop changes in instruction using three measures from survey (S) & observation (O) 

S/O Measure N Mean, 
pre 

Mean, 
follow-up 

Effect 
size t df p 

S 
S 
 

O 
O 

IBL frequency from TAMI-IS 
IBL frequency from TAMI-IS,  
   observation subset only 
PND from TAMI-OP 
RTOP-Sum 

136 
15 
 

15 
15 

0.03 
2.27 

 
0.58 
37.89 

6.34 
8.80 

 
0.81 
55.06 

0.88 
0.96 

 
0.80 
1.17 

10.31 
3.71 

 
3.13 
4.58 

135 
14 
 

14 
14 

< 0.001 
0.002 

 
0.004 

<0.001 

The range for each measure is IBL frequency -12 to +18; PND 0-1; RTOP-Sum 0-100. 

Instructional Change Based on Surveys 
Figure 1 shows the distribution of IBL frequency scores at pre-workshop and follow-up, for 

both the full survey sample and the observation subgroup. A paired samples t-test showed a 
statistically significant increase in IBL frequency from pre-workshop to follow-up (Table 1). 

 

Figure 1. IBL frequency score from surveys, for full sample and observation subgroup at two times. 



For video study participants, the change in IBL frequency score from pre-workshop to 
follow-up was also statistically significant, and comparable in magnitude to the average shift 
among all survey respondents (see Table 1). Video study participants used slightly more IBL 
core practices both before the workshop and subsequent to it, but these differences between the 
main group and video subgroup were not significant. 

Half the main sample, and all 15 video participants, self-described as implementing at least 
“some IBL methods;” one third of the main sample and half of video participants described their 
implementation as a “full” IBL course. These are lower limits to the overall implementation rate, 
as 32% of all workshop attendees did not report on implementation. Their target courses served 
first-years to seniors; math majors (28%), mixed STEM majors (42%), non-STEM majors (13%) 
and pre-service teachers (4%). About 90% implemented IBL in a class of 35 students or fewer. 

Instructional Change Based on Observations.  
In general we saw gains in the average scores for both observation measures from pre to 

follow-up. Comparing these using paired samples t-tests, the changes in both the RTOP-Sum and 
the PND were statistically significant. For both measures, negative or no change was observed 
only for small numbers of instructors who had initial high scores. Figure 2 illustrates pre-post 
changes in PND for the 15 instructors. Each observed class session fits a latent profile (one 
colored cell) and PND for each course is based on the set of such profiles (one row of cells).   

We also used LPA to examine changes in teaching approach. In post-TPD classes, instructors 
used less continuous lecture and more interactive lecture and group work, but also made less use 
of student presentations. Participants also adjusted the sequencing of activities. For example, 
changes in the timing of lecture and group work suggest a more structured and strategic approach 
to group work, with more consistent use of short lectures to summarize or signpost. 

 

 
Figure 2. Latent profiles and PND for 15 observed courses for the same instructors (IDs 1-15) at pre-workshop and 
follow-up (“post”) times. Cells represent 1 observed class fitting a profile from LPA. DL (green) = didactic lecture; 

SP (black) = student presentation; IL (orange) = interactive lecture & review; GW (blue) = group work. 

Discussion 
This study identifies significant changes in the teaching practices of instructors after PD, 

using a rigorous approach to measurement. We found significant changes using three distinct 



measures. The effect sizes are impressively large (0.8 to 1.2) for an educational intervention. We 
used well characterized tools and large samples, and drew on different methods (survey vs. 
observation) with different foci (behavioral vs. evaluative). The TAMI-IS and TAMI-OP offer 
evidence that instructors’ classroom practice shifted toward inquiry-based methods after TPD, 
and the RTOP-Sum offers evidence that post-TPD classes offered more student-centered, 
engaging and encouraging environments that were better aligned with evidence-based practice. 

Survey responses from the subset of 15 instructors who were observed reflect a significant 
pre/post change similar to that seen in the larger survey sample. This indicates that such changes 
in teaching are not outliers, due to self-selection for video observation, but typical of the 
workshop’s impact on instructors’ teaching. Robust time sampling ensured that the coded 
observations were not “dog and pony shows” showing only the most active teaching days. 

Other survey data enable us to attribute these changes to the workshop. Following the 
workshop, we observed robust and sustained growth in participants’ knowledge and skills to use 
IBL; their motivation to use IBL and belief in its effectiveness remained strong and stable over 
time. In this sample and a larger group of IBL workshop participants, such growth in knowledge 
and skills, or “IBL capacity,” was a good predictor of participants’ later implementation of IBL 
(Archie et al., 2022). That is, changes in teaching behaviors are linked to the nature and strength 
of the gains that participants reported and sustained. Thus, the observed changes can be ascribed 
to participants learning and applying ideas they gained at the workshop.  

Other studies of substantial TPD interventions for college instructors offer context for 
interpreting these results. Two studies, like ours, compared individuals to themselves before and 
after a TPD intervention. Chasteen and Chattergoon (2020) used the PIPS survey (Walter et al., 
2016) to measure pre/post change in teaching practices of early-career physics faculty after a 
multi-day workshop, with an effect size of 0.8. In contrast, Ebert-May et al. (2011) reported no 
significant changes in RTOP scores after their TPD program for early-career biologists. 

Two more studies compared teaching practices of TPD participants to samples of people who 
did not undergo TPD, and provided the data needed to compute effect sizes for mean differences 
between treated and untreated groups. After refining their biology TPD workshop, Ebert-May et 
al. (2015) measured differences in RTOP scores for participants vs. non-participants with an 
effect size of 0.68. Manduca et al. (2017) also used RTOP scores to compare treated (TPD) and 
untreated groups of Earth science instructors, with an effect size of 1.06. Both types of studies 
suggest that the changes seen here are impressive but not implausible—in line with what others 
have measured for STEM instructors who have taken part in thoughtfully designed, well 
supported, multi-day programs offered by skilled faculty developers in their discipline. 

Conclusions 
We report a “hat trick” of TPD measurement: three independent measurements of instructional 
change after a well-designed TPD intervention. The changes are large, statistically significant 
and well corroborated, and can be ascribed to the workshop. We propose that the workshop has 
this substantial impact due to its strategic approach (Kennedy, 2016), providing instructors with 
a set of principles and tools to achieve a desired teaching goal, thus empowering them to adapt 
their practices in ways sensitive to their own context and preferences (Yoshinobu et al., 2022).  
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